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STATUS REPORT SECOND QUARTER FISCAL YEAR 1968 
U. S .  Bureau of Mines NASA Program of M u l t i d i s c i p l i n a r y  Research 
Leading t o  U t i l i z a t i o n  of E x t r a t e r r e s t r i a l  Resources 
January 1, 1968 
Task t i t l e :  
I n v e s t i g a t o r :  
Locat ion: 
Date begun: 
Personnel:  
Core group a c t i v i t y  
Thomas C .  Atchison, Senior Research S c i e n t i s t  
Twin C i t i e s  Mining Research Center 
Minneapolis,  Minnesota 
Apr i l  1965 To be completed: Continuing 
Thomas C .  Atchison, Supervisory Research Phys ic i s t  
David E .  Fogelson, Supervisory Geophysicis t  
C l i f f o r d  W .  Schul tz ,  M e t a l l u r g i s t  
James Paone, Supervisory Mining Engineer 
Other Bureau personnel,  a s  ass igned 
PROGRESS RE PORT 
Objective 
To provide the  bas i c  s c i e n t i f i c  and engineer ing  knowledge needed f o r  
subsequent development of an e x t r a t e r r e s t r i a l  mineral  resource e x t r a c -  
t i o n ,  processing and u t i l i z a t i o n  technology f o r  support ing and enhanc- 
ing t h e  economy of manned lunar  and p l ane ta ry  miss ions .  
Progress  During the Second Quarter 
The c o r e  group continued t o  o b t a i n  and analyze information app l i cab le  
t o  t h e  program. Following the  suggestions of a number of t he  r e sea rch  
t a s k  i n v e s t i g a t o r s ,  a g r e a t e r  e f f o r t  i s  being made t o  provide genera l  
background information,  p a r t i c u l a r l y  r e s u l t s  from t h e  var ious  luna r  
probes,  t o  a l l  of t he  t a sk  groups. To h e l p  wi th  t h i s  e f f o r t  we a r e  ob- 
t a i n i n g  and d i s t r i b u t i n g  mul t ip l e  copies of some NASA and NASA con t rac -  
t o r  r e p o r t s  and providing l i s t s  of re ferences  t o  a r t i c l e s  i n  the tech-  
n i c a l  j ou rna l s .  
The format of t he  cu r ren t  s t a t u s  r epor t  i s  changed s l i g h t l y .  A few 
groups of r e sea rch  t a sks  have been combined, and some o t h e r s  have been 
sepa ra t ed ,  so t h a t  t h e  work of each team of r e sea rche r s  i s  now repor t ed  
a s  a s i n g l e  t a s k .  It should be kept  i n  mind t h a t  each t a s k  i s  a p a r t  
of a r e g u l a r  program of Bureau research  and most members of a r e sea rch  
team work only par t - t ime on the  NASA t a sk .  The t o t a l  e f f o r t  involved 
i n  the  NASA work r ep resen t s  about 15 man-years per year .  
I n  e a r l y  October,  D r .  Jack Green, McDonnell Douglas Advanced Research 
Labora to r i e s ,  v i s i t e d  the Twin C i t i e s  Center and repor ted  on h i s  i n -  
v e s t i g a t i o n s  of t h e  Galapagos volcanoes. Also,  a s  a member of t h e  t e a m  
e v a l u a t i n g  t h e  r e s u l t s  of the chemical a n a l y s i s  of t h e  lunar  su r face  
1 
made by Surveyor V ,  he discussed the reasons  why t h e  t e a m  concluded t h a t  
t h e  m a t e r i a l  sampled was of b a s a l t - l i k e  composition. This  r e s u l t ,  con- 
firmed by the  a n a l y s i s  from t h e  more r e c e n t  Surveyor V I ,  i s  p a r t i c u l a r l y  
g r a t i f y i n g  i n  view of t h e  emphasis given t o  volcanic  rocks i n  the  Bureau 
of Mines s t u d i e s .  
La te r  i n  October, Atchison and Fogelson v i s i t e d  t h e  USGS Center of Astro-  
geology, F l a g s t a f f ,  Ar iz . ,  and the  NASA Manned Spacec ra f t  Center ,  Houston, 
Tex., t o  d i scuss  the  l a t e s t  i n t e r p r e t a t i o n s  of t h e  d a t a  from t h e  Surveyor 
landings and the  Lunar O r b i t e r  missions.  Of p a r t i c u l a r  i n t e r e s t  t o  t h e  
Bureau 's  program w a s  t h e  ex tens ive  research  i n  geology, geochemistry,  and 
geophysics ,  r e l a t e d  t o  lunar  sur face  problems, t h a t  i s  being c a r r i e d  out  
a t  Houston. Also of i n t e r e s t  a t  the  Houston Center  were t h e  p lans  f o r  
ope ra t ion  of the  Lunar: Receiving Laboratory and f o r  e s t a b l i s h i n g  an e a r t h  
resources  s a t e l l i t e  program. 
I n  November, Atchison v i s i t e d  the  P i t t sbu rgh  Explosive Research Center 
and Schu l t z  v i s i t e d  t h e  College Park Metallurgy Research Center t o  d i scuss  
t h e  progress  of t he  r e sea rch  t a s k s  a t  t hese  c e n t e r s .  Atchison a l s o  a t -  
tended a meeting of t h e  S tee r ing  Committee of the  Working Group on Extra-  
t e r r e s t r i a l  Resources (WGER) a t  NASA's  Washington headquar te rs .  A t  t h e  
same t i m e ,  Atchison and Schul tz  conferred with M r .  James Gangler on f u t u r e  
p l ans  f o r  the  Bureau 's  program. 
Four papers  desc r ib ing  the  progress  of t h e  Bureau 's  program a r e  planned 
f o r  p r e s e n t a t i o n  a t  t h e  S i x t h  Annual Meeting of t he  WGER a t  Brooks A i r  
Force Base, Tex., February 19-21, 1968. 
St.atus of Manuscripts 
Summary of E l e c t r i c a l  Proper ty  Data on Rock, an  informal r e p o r t  by T. C .  
Atchison,  R.  L .  Marovel l i ,  and R .  E.  G r i f f i n ,  was submitted t o  NASA i n  
J u l y .  
Engineer ing Proper ty  Measurements on Returned Lunar Samples, a rev ised  
proposa l  by T. C.  Atchison, w a s  submitted t o  NASA i n  September 1967. 
Proposal  f o r  Continuing Bureau E x t r a t e r r e s t r i a l  Resource U t i l i z a t i o n  
Program, by the  core  group, w a s  submitted t o  NASA i n  September 1967. 
Bureau of Mines Research on Lunar Resource U t i l i z a t i o n ,  by T.  C .  Atchison 
and C.  W .  Schul tz ,  i s  being prepared f o r  p re sen ta t ion  a t  t h e  S i x t h  Annual 
Meeting of the  Working Group on E x t r a t e r r e s t r i a l  Resources a t  Brooks A i r  
Force Base, Tex., i n  February.  
2 
I .  
I 
1 
1 
I 
1 
I 
Task t i t l e :  S e l e c t i o n  and sample c o l l e c t i o n  of simulated lunar  
I n v e s t i g a t o r :  David E .  Fogelson, Pro jec t  Leader 
Locat ion : 
Date begun: September 1965 To be completed: Continuing 
m a t e r i a l s  
Twin C i t i e s  Mining Research Center 
Minneapolis,  Minnesota 
Personnel :  David E .  Fogelson, Supervisory Geophysicis t  
Other Bureau personnel,  as ass igned  
PROGRES S RE PORT 
Ob .j e c t ive  
S e l e c t  and o b t a i n  samples  of rocks and minera ls  covering the  range of 
m a t e r i a l s  l i k e l y  t o  be found on the  Moon. 
Progress  During the Second Quarter  
A f i e l d  t r i p  w a s  made to  Big Rack Candy Mountain near  MarysvaLe, Utah, 
t o  c o l l e c t  a l t e r e d  l a t i t e  a s  a poss ib le  s u b s t i t u t e  f o r  the  a l t e r e d  rhy- 
o l i t e  prev ious ly  c o l l e c t e d  from a site near  Bend, Oreg. Because the  
a l t e r e d  l a t i t e  i s  h igh ly  f r a c t u r e d  and d i f f i c u l t  t o  mine without  caus- 
ing excess ive  breakage, the  a l t e r e d  r h y o l i t e  w i l l  be r e t a ined  a s  a mem- 
ber  of t h e  simulated lunar  rock s u i t e .  While t h e  a l t e r e d  r h y o l i t e  i s  
a l s o  f r a c t u r e d  and no t  too  d e s i r a b l e  a s  a t e s t i n g  mater ia l ,  l a r g e  blocks 
can be secured. With very c a r e f u l  s e l ec t ion ,  adequate  t e s t  specimens 
can be prepared.  About one-half t o n  of p a r t l y  a l t e r e d  l a t i t e  w a s  c o l -  
l e c t e d  from t h e  Big Rock Candy Mountain s i t e  f o r  p o s s i b l e  f u t u r e  tests.  
D r .  Paul  Lowman of  NASA's Goddard Space F l i g h t  Center requested samples 
of t h e  Bureau 's  rock m a t e r i a l s  f o r  use a t  Goddard i n  a s tudy  of simu- 
l a t e d  Mar t ian  s o i l .  Severa l  pounds each of r h y o l i t e ,  a l t e r e d  r h y o l i t e ,  
semiwelded t u f f ,  g ranod io r i t e ,  d a c i t e ,  f low b a s a l t ,  gabbro, s e r p e n t i n i t e ,  
and d u n i t e  were s e l e c t e d  and sen t  t o  Goddard. 
S t a t u s  of Manuscripts 
Simulated Lunar Rocks, by D. E .  Fogelson, i s  being prepared f o r  presen- 
t a t i o n  a t  t he  S i x t h  Annual Meeting of t h e  Working Group on E x t r a t e r r e s -  
t r i a l  Resources a t  Brooks A i r  Force Base, Texas i n  February.  
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Task title: Physical properties of simulated lunar materials 
Investigator: Thomas C. Atchison, Senior Research Scientist 
Locat ion: Twin Cities Mining Research Center 
Date begun: October 1965 To be completed: Continuing 
Minneapolis, Minnesota 
Personnel: All projects are participating 
PROGRESS REPORT 
Objective 
To incorporate simulated lunar materials into basic fragmentation re- 
search currently in progress. By this means to determine the composi- 
tion, elastic, strength, surface, thermal, electrical, magnetic, and 
explosive shock properties of simulated lunar materials in Earth envi- 
ronment 
Progress During the Second Quarter 
Samples of flow basalt and dacite were prepared for studies of the ef- 
fect of confining pressu-re and rate of loading on the strength and elas- 
tic properties by the Rock Physics laboratory. Previous determinations 
of the principal symmetry axes were used to obtain property oriented 
samples. 
Preliminary measurements of the magnetic susceptibility of 14 simulated 
lunar rocks were made by the Explosive Fragmentation group. Two samples 
of each rock type were measured using a standard magnetic susceptibility 
bridge. Nonuniformity in the samples limited the accuracy of the results 
(see table 1) to about 10 percent. 
TABLE 1. - Magnetic susceptibility of simulated 
lunar rocks in earth environment 
Rock type 
Dunite 
Gabbro 
Tholeiitic basalt 
Granod ior ite 
Serpentinite 
Obs id ian 
Altered rhyolite 
Rhyol i te 
Vesicular basalt #l 
Vesicular basalt #2 
Dacite 
Vesicular basalt 1 3  
Semiwelded tuff 
Pumice 
Magnetic 
susceptibility 
cgs units) 
400 
6,000 
Negligible 
6,000 
100 
Negligible 
400 
400 
500 
600 
200 
40 0 
2,000 
Negl ig ib le 
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The Thermal Fragmentation group completed the r e p e a t  measurements of 
e l ec t r i ca l  d i s s i p a t i o n  f a c t o r s  being made on s e v e r a l  of t h e  s imulated 
luna r  rocks i n  an e f f o r t  t o  reduce the spread i n  t h e  d a t a  from t h e  
o r i g i n a l  measurements. S t a t i s t i c a l  a n a l y s i s  of t h e  r e s u l t s  t o  d e t e r -  
mine t h e  frequency dependence of t h e  d i s s i p a t i o n  f a c t o r s  from 20 t o  
100 megahertz i s  n o t  y e t  completed. 
Severa l  p roper ty  measurements were made on t h e  a l t e r e d  r h y o l i t e ,  f o l -  
lowing a d e c i s i o n  t o  r e i n s t a t e  t h i s  rock i n  t h e  luna r  s u i t e .  
S t a t u s  o f  Manuscripts 
D i e l e c t r i c  Constants and D i s s i p a t i o n  Fac tors  Between 20 and 100 Mega- 
h e r t z  f o r  14 Simulated Lunar Rocks, by R u s s e l l  E .  G r i f f i n ,  i s  be ing  
prepared as a j o u r n a l  a r t i c l e .  
Impact Pulse  Propagation i n  Rock, by Thomas E. R i c k e t t s  and Werner 
Goldsmith, i s  being prepared f o r  submission t o  the Journa l  of Geophys- 
i c a l  Research. 
Small-Scale C r a t e r i n g  i n  Simulated Lunar M a t e r i a l s ,  an informal  r e p o r t  
by Dennis V. D'Andrea and Richard L. F i sche r ,  was submitted t o  t h e  
co re  group i n  September. 
Simulated Lunar Rocks, by D. E .  Fogelson, i s  being prepared f o r  presen- 
t a t i o n  a t  the  S i x t h  Annual Meeting of t h e  Working Group on E x t r a t e r r e s -  
t r i a l  Resources a t  Brooks A i r  Force Base, Texas i n  February. 
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Task t i t l e :  Chemical r e a c t i v i t y  and cold welding of f r e s h l y  formed 
I n v e s t i g a t o r :  C l i f f o r d  W. Schul tz ,  P ro jec t  Leader 
Location: 
Date begun: January 1966 To be completed: March 1969 
Personnel:  C l i f f o r d  W .  Schul tz ,  Me ta l lu rg i s t  
su r f aces  
Twin C i t i e s  Mining Research Center 
Mimeapo l i s ,  Minnesota 
W i l l i a m  H. Engelmann, Research Chemist 
E rnes t  Bukofzer, Physical  Science Technician 
PROGRESS FSPORT 
1 
Object ive 
Measure t h e  equ i l ib r ium cons tan ts  fo r  t he  adsorp t ion  of gases  on the  
s u r f a c e s  of s i l i c a t e  minerals .  Relate  t h i s  q u a n t i t y  t o  t h e  f r a c t i o n a l  
coverage necessary  t o  i n h i b i t  cold welding and t o  determine the  r a t e  
a t  which va r ious  o t h e r  processes  i n h i b i t  o r  p r o h i b i t  cold welding of 
I 
vacuum-formed s u r f a c e s ,  
Progress  During the Second Quarter  
The thermal  conduc t iv i ty  ce l l  o r  br idge used f o r  sensing changes i n  gas  
composition, has been run a t  f i v e  concent ra t ion  l e v e l s  of water vapor 
i n  an  argon c a r r i e r  gas. The l e v e l s  were very low, ranging  from seve ra l  
t o r r  p a r t i a l  p re s su re  down t o  the  t o r r  reg ion .  The r e fe rence  gas  
w a s  argon, d r i e d  wi th  magnesium pe rch lo ra t e ,  followed by a cold t r a p  
maintained a t  - 1 2 O O C .  This  re ference  gas  was run  through t h e  s tandard 
h a l f  o f  t h e  br idge  o r  c e l l  which conta ins  two of the  four  r e s i s t a n c e  
u n i t s  i n  a Wheatstone br idge  conf igura t ion .  The emergent gas  was then  
routed through a w a t e r  vapor s a t u r a t o r ,  followed by a cold t r a p  main- 
t a ined  a t  any one of f i v e  temperature l e v e l s  by s e l e c t e d  organic  com- 
pounds a t  t h e i r  fu s ion  temperature.  These temperature l e v e l s  e s t a b l i s h e d  
t h e  water vapor l e v e l s  which then  were passed through t h e  comparator h a l f  
of t h e  c e l l .  The e lec t r ica l  output  of t h i s  b r idge  gave va lues  i n  the  
s m a l l  m i l l i v o l t  range a t  t he  h igher  water vapor l e v e l s  and much less than  
1 m i l l i v o l t  a t  t h e  lowest l e v e l .  Braided sh ie ld ing  was i n s t a l l e d  over 
t h e  wi r ing  harness  t o  the  c e l l ,  t o  help t o  suppress  the  noise .  A t  t h e  
lower temperature  l e v e l s  of t h e  condenser, where the output  w a s  under 0 .1  
m i l l i v o l t ,  d r i f t i n g  made reproducible  m i l l i v o l t  measurements una t t a inab le .  
The w e l l - s t a b i l i z e d  dc power supply used a s  inpu t  t o  the  Wheatstone br idge  
network, w a s  supplanted by a 6 - v o l t  s torage  b a t t e r y .  This  improved the  
output  c h a r a c t e r i s t i c s  t o  the  e x t e n t  t h a t  w e  can r e p o r t  t he  two higher  wa-  
t e r  vapor l e v e l  responses  with some confidence.  A l l  f i v e  m i l l i v o l t  va lues  
a s  a f u n c t i o n  of vapor p re s su re  w i l l  be graphed and presented i n  a subse- 
1 
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quent r e p o r t .  
Seve ra l  basel ine-determining runs  were made wi th  argon conta in ing  0.62 1 - - 
p e r c e n t  water  vapor (0' condenser,  %O p a r t i a l  p re s su re  of 4 . 6  t o r r )  a s  
t he  r e fe rence  gas .  A g las s - l i ned  b a l l  m i l l  (4-1/2-inch diameter by 
6 
1 
5-1/2-inch length), filled with 100 grams of dried 65/100 mesh quartzite, 
showed adsorption to the saturation point in 80 minutes with a flow rate 
of 165 cc/min. The mill contained no balls in these runs, the immediate 
object being to establish the saturation requirements of the surface pre- 
sented by the starting material. I 
S t a tus of Manu scr ip t s 
None in progress. 
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Task t i t l e :  
I n v e s t i g a t o r :  
Location: 
Date begun: 
Personnel:  
Surface p r o p e r t i e s  of rock i n  lunar  environment 
C l i f f o r d  W. Schu l t z ,  P ro jec t  Leader 
Twin Ci t ies  Mining Research Center 
Minneapolis,  Minnesota 
January 1966 To be completed: March 1969 
C l i f f o r d  W .  Schu l t z ,  Me ta l lu rg i s t  
Wallace W. Roepke, P r inc ipa l  Vacuum S p e c i a l i s t  
Kenneth G .  Pung, Physical Science Technician 
PROGRES S RE PORT 
Object ive 
Develop d a t a  on t h e  fundamental f r i c t i o n a l  c h a r a c t e r i s t i c s  of minera l  
su r f aces  a s  r e l a t e d  t o  t h e i r  environments. Cor re l a t e  the  measurements 
of f r i c t i o n ,  su r f ace  energy, and hardness.  Fur ther  e s t a b l i s h  t h e  re -  
l a t i o n s h i p  among these  va r ious  surface p r o p e r t i e s  and between su r face  
and bulk phys ica l  p r o p e r t i e s .  
Progress  During the Second Quarter 
Th i s  p a s t  qua r t e r  a paper on outgassing of simulated lunar  m a t e r i a l s  
i n  u l t r a h i g h  vacuum was presented a t  t h e  14th  American Vacuum Soc ie ty  
Symposium i n  Kansas Ci ty .  Work continued on the  outgassing s t u d i e s  
us ing  l / 4 - i n c h  f l a t  samples of ma te r i a l .  
It has been found t h a t  t he  f r i c t i o n  device would not  be adequately 
supported i n  the  o r i g i n a l l y  designed manner. 
t h e r e f o r e ,  been designed and i s  p resen t ly  i n  the  process  of being made. 
This  frame w i l l  g r e a t l y  improve the  r e l i a b i l i t y  and the  c a p a b i l i t y  of 
t h e  f r i c t i o n  device.  The e x t e r n a l  conf igura t ion  f o r  mounting the  d r i v e  
motor and gear  r educ t ion  u n i t  of t h e  f r i c t i o n  system a r e  being f i n a l -  
i zed .  This  should be ready f o r  t e s t i n g  by t h e  t i m e  the  support  frame 
i s  rece ived .  
A new support  frame has ,  
Some t i m e  has  been spent  t h i s  qua r t e r  on equipment maintenance. The 
Varion ion  gauge c o n t r o l ,  t h e  e l e c t r o n  energy c o n t r o l  on t h e  m a s s  spec- 
t rometer ,  t h e  Kriesman gauge c o n t r o l ,  and a r o t a r y  fo rce  pump f o r  sample 
pre t rea tment  a l l  went ou t  of opera t ion  a t  t h e  same t i m e .  To r e p a i r  t he  
ion  gauge c o n t r o l s  a t r a n s i s t o r  t e s t e r  had t o  be purchased o r  f a b r i c a t e d .  
A s h o r t  survey of assembled c o s t  versus  p a r t s  c o s t  ind ica ted  t h a t  it 
should be made l o c a l l y .  The p a r t s  were, t he re fo re ,  obtained and t h e  
t es te r  was cons t ruc ted .  
S t a t u s  of Manuscripts 
Mass Spectrometer S tudies  of Outgassing from Simulated Lunar Mate r i a l s  
i n  UHV, by W. W.  Roepke and C. W. Schultz ,  was presented a t  t h e  American 
Vacuum Soc ie ty  Symposium i n  October and i s  being prepared f o r  publ ica-  
t i o n  i n  t h e  Journa l  of the  American Vacuum Socie ty .  
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Vacuum Technology Course, an i n t e r n a l  r e p o r t  by W. W. Roepke, i s  i n  prep- 
a r a  t ion.  
I 
O i l  Vapor Sieve Trap 
K .  G .  Pung, i s  being 
t i f i c  Ins t ruments .  
f o r  Rotary Mechanical Pumps, by W. W. Roepke and 
prepared as a Note t o  t h e  Ed i to r  i n  Review of Scien- 
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Task t i t l e :  Rock f a i l u r e  processes and s t r e n g t h  and e l a s t i c  proper-  
I n v e s t i g a t o r :  Egons R. Podnieks, P ro jec t  Leader 
Locat ion: 
Date begun: June 1966 To be completed: June 1969 
t i e s  i n  lunar  environment 
Twin Ci t ies  Mining Research Center 
Minneapolis,  Minnesota 
Personnel:  Egons R. Podnieks, Mechanical Research Engineer 
Robert  J. W i l l a r d ,  Geologis t  
Thomas R Bur, Geophys i c  i s t 
Richard E .  T h i l l ,  Geophysicist  
Pe te r  G. Chamberlain, Geophysicis t  
Kenneth E .  Hjelmstad, Geophysicis t  
Richard M. Brumley, E lec t ron ic s  Technician 
PROGRESS REPORT 
Ob j ee t i v e  
Extend c u r r e n t  experimental  s t u d i e s  of rock f a i l u r e  by such mechanisms 
a s  d i s l o c a t i o n ,  twinning and crack formation t o  inc lude  lunar  environ-  
ment. Extend c u r r e n t  measurements of s t a t i c  and dynamic e l a s t i c  moduli 
and compressive and t e n s i l e  s t r eng ths  of rock t o  inc lude  lunar  environ- 
ment. 
Progress  During the Second Quarter 
Data from t h e  pre l iminary  environmental test  program were analyzed t h i s  
q u a r t e r  t o  determine the  e f f e c t s  of p re s su re ,  temperature ,  and moisture  
c o n t e n t  on the  s t r e n g t h  and e l a s t i c  p r o p e r t i e s  of two simulated lunar  
rocks ,  f lood b a s a l t  and d a c i t e .  Property measurements i n  moderate vac- 
uum t o r r )  a r e  providing important background information f o r  t he  
u l t r a h i g h  vacuum measurements t h a t  w i l l  be made soon. For t h e  b a s a l t  
moderate vacuum, as compared t o  atmospheric p re s su re ,  had l i t t l e  e f f e c t  
on compressive s t r e n g t h  o r  Young's modulus a t  room temperature ,  bu t  a t  
212'F the  vacuum environment r e su l t ed  i n  an increased  va lue  f o r  both 
p r o p e r t i e s .  For t h e  d a c i t e  a t  both 72' and 212'F the  vacuum caused an 
inc rease  i n  s t r e n g t h ,  bu t  no change i n  modulus. 
Both b a s a l t  and d a c i t e  showed an increas ing  Young's modulus a s  tempera- 
t u r e  decreased from 212' t o  -250°F, a s  w a s  e a r l i e r  repor ted  f o r  compres- 
s i v e  s t r eng th .  Increas ing  moisture  conten t  from u l t r a d r y  t o  sa tu ra t ed  
c o n d i t i o n  r e s u l t e d  i n  a small  decrease i n  s t r e n g t h  a t  a l l  temperatures  
f o r  t h e  b a s a l t .  For the  more porous d a c i t e  i nc reas ing  moisture  conten t  
caused a s i m i l a r  decrease  i n  s t r eng th  a t  212' and 72'F, bu t  a substan-  
t i a l  i nc rease  i n  s t r e n g t h  a t  -250'F. Fur ther  a n a l y s i s  i s  being c a r r i e d  
ou t  t o  determine t h e  s t a t i s t i c a l  s ign i f i cance  of t hese  and o the r  t r ends  
shown by t h e  environmental  t es t  data .  
I n  conjunct ion  wi th  the  environmental tes ts ,  a c o u s t i c  v e l o c i t i e s  w e r e  
measured by both pu l se  and resonance methods on s e v e r a l  b a s a l t  and d a c i t e  
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cores .  The measurements were made a t  room remperature under t h r e e  d i f -  
f e r e n t  moisture  condi t ions  u l t r a d r y ,  room, and s a t u r a t e d .  The nonde- 
s t r u c t i v e  na tu re  o f  t he  acous t i c  measurements permit ted using the  same 
cores  f o r  a l l  t h ree  cond i t ions ,  e l imina t ing  v a r i a t i o n s  due t o  specimen 
d i f f e r e n c e s .  Comparative r e s u l t s  a re  shown in  t a b l e  1. The b a s a l t  
showed only  smal l  d i f f e rences  in  ve loc i ty  due t o  moisture  con ten t .  The 
more porous d a c i t e  showed s u b s t a n t i a l  d i f f e r e n c e s .  Of outs tanding  in-  
terest  i s  the  oppos i te  d i r e c t i o n  of t he  moisrure  e f f e c t  f o r  pu l se  veloc-  
i t y  and resonance v e l o c i t i e s .  
TABLE 1. - Percentage change i n  acous t i c  v e l o c i t i e s  f o r  room 
and s a t u r a t e d  condi t ions  based on the  
v e l o c i t i e s  for the  dry  cond i t ion  
D e v i l ' s  H i l l  
The f r a c t u r e  morphology s tudy of the dac i te  samples from the  environ-  
mental  t es t  program w a s  continued. A computer program was prepared t o  
he lp  i n  t h e  s t a t i s t i c a l  eva lua t ion  of t h e  e f f e c t  of t h e  t e s t  parameters 
on t h e  t r ansg ranu la r - in t e rg ranu la r  r a t i o  and t h e  a r e a l  percentage of 
mine ra l s  a t  t h e  f r a c t u r e  sur face .  The computer program c a r r i e s  ou t  the  
inve r s ion  of a 5 by 5 matr ix ,  required i n  t h e  s t a t i s t i c a l  eva lua t ion .  
The a p p l i c a t i o n  of scanning e l ec t ron  microscopy t o  the  s tudy of rock 
f r a c t u r e  i s  being inves t iga t ed .  D r .  Wi l la rd  v i s i t e d  the  demonstrat ion 
l a b o r a t o r y  of t h e  Japan E lec t ron  Optics  Laboratory Company i n  Medford, 
Mass., i n  December. Severa l  of our rock samples  were scanned and var -  
ious  su r face  f e a t u r e s  were photographed a t  magni f ica t ions  ranging from 
lOOX t o  30,OOOX. The photographs showed t h e  unpa ra l l e l ed  c a p a b i l i t y  of 
t he  instrument  t o  r e so lve  sur face  microtopography. Evidence of va r ious  
deformat iona l  f e a t u r e s  on f r ac tu red  su r faces  of t he  samples  suggest  t h a t  
t h e  scanning e l e c t r o n  microscope can provide a means of r e l a t i n g  micro- 
s t r u c t u r a l  a spec t s  of rock  deformation t o  g ross  behavior .  
The u l t r a h i g h  vacuum chamber i s  i n  the  process  of being adapted f o r  use  
wi th  t h e  compression t e s t i n g  machine. F a c i l i t i e s  were i n s t a l l e d  t o  pro- 
v ide  easy  t r a n s p o r t a t i o n  of the  chamber i n  and out  of t h e  t e s t i n g  mach- 
ine .  Both the  bellows and t h e  p l a t ens  were rece ived  from t h e i r  respec-  
t i v e  manufacturers  and have undergone ex tens ive  c l ean ing  p r i o r  t o  f i n a l  
i n s t a l l a t i o n  i n  the  chamber. Rock specimens w i l l  be prepared,  inspec ted ,  
and precondi t ioned dur ing  the  next  q u a r t e r ,  and tests w i l l  s t a r t  e i t h e r  
du r ing  t h e  t h i r d  q u a r t e r  or  e a r l y  in  the  f o u r t h  q u a r t e r .  
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Mr. Egons R. Podnieks has assumed the duties of Project Leader for the 
Rock Physics laboratory at the Twin Cities Mining Research Center and 
is carrying out the responsibilities of investigator for this NASA task. 
Dr. Robert J. Willard has assumed the position of Project Leader for a 
newly separated Microstructural Analysis laboratory. He will continue 
his contributions to this task. 
Status of Manuscripts 
None in progress. 
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Task title: Feasibility of thermal fragmentation studies in vacuum 
Investigator: Robert L. Marovelli, Project Leader 
Loc a t ion: 
Date begun: October 1966 To be completed: September 1968 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
Per sonne 1 : Robert L. Marovelli, Supervisory Mining Engineer 
Russell E. Griffin, Electronic Research Engineer 
Kuppusamy Thirumalai, Mining Engineer 
Sam G. Demou, Physicist 
Daryl J. Jersak, Engineering Technician 
PROGRESS RE PORT 
Objective 
Investigate the feasibility of extending current thermal fragmentation 
studies, including thermophysical property measurements to lunar vacuum 
environment. 
Progress During the Second Quarter 
Development of thermal conductivity probes that can be applied to vacuum 
chamber measurements continued. Planned experiments using the vacuum sys- 
tem associated with the thermal shock furnace were delayed because of the 
need for developing more experience with the furnace itself and the pres- 
sure of other work in the Thermal Fragmentation laboratory. 
Status of Manuscripts 
None in progress. 
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Task title: 
Investigator: 
Location: 
Date begun: 
Personnel: 
Thermophysical properties of rock at elevated and 
reduced temperatures 
Robert L. Marovelli, Project Leader 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
October 1966 To be completed: September 1968 
Robert L. Marovelli, Supervisory Mining Engineer 
Russell E. Griffin, Electronic Research Engineer 
David P. Lindroth, Physicist 
Carl F. Wingquist, Physicist 
Walter G. Krawza, Engineering Technician 
PROGRE S S RE PORT 
Obi ec t ive 
Extend current studies of the effect of temperature on thermophysical 
properties of rock at atmospheric pressure to cover the lunar tempera- 
ture range. 
Progress During the Second Quarter 
Thermal expansion measurements on simulated lunar rocks over the tem- 
perature range from -320' to 2,000'F were continued. Measurements for 
ten of the rock types are nearly completed. For most of the rocks the 
expansion coefficient increases with increasing temperature in a uni- 
form manner. Some of the lower density rocks show anomalous behavior 
above 1,000'FY with decreased expansion or even contraction taking 
place. The rocks appear to soften and are weakened at lower tempera- 
tures than the usual mine rocks we have studied previously. 
Status of Manuscripts 
Flexural Strength of Rock from -320' to 1,600°F, by R. L. Marovelli 
and A .  Hendrickson, is under preparation as a journal article and a 
Bureau Report of Investigations. 
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Task t i t l e :  Basic problems of d r i l l i n g  i n  lunar  environment 
I n v e s t i g a t o r :  James Paone, P r o i e c t  Leader 
Locat ion : 
Date begun: January 1967 To be completed: December 1969 
Twin  C i t i e s  Mining Research Center 
Minneapolis,  Minnesota 
Per sonne 1 : James Paone, Supervisory Mining Engineer 
Robert  L. Schmidt , Mining Engineer 
Harold F. Unger, Mining Engineer 
Carl F.  Anderson, E lec t ron ic  Engineer 
David A.  Larson, Engineering Technician 
PROGRESS RE PORT 
Ob jec  t ive  
I n v e s t i g a t e  va r ious  means of removing d r i l l  c u t t i n g s  with and without  
f l u s h i n g  media i n  lunar  environment. I n v e s t i g a t e  problems of h e a t  re- 
moval and b i t  l u b r i c a t i o n  a s soc ia t ed  with d r i l l i n g  i n  lunar  environment. 
Progress  During the Second Quarter 
Laboratory experiments were completed us ing  a diamond d r i l l i n g  system 
instrumented t o  measure torque,  t h r u s t ,  and p e n e t r a t i o n  r a t e .  Use of 
t h i s  equipment permit ted c a r e f u l  con t ro l  of d r i l l i n g  parameters a s  t h e  
in s t rumen ta t ion  gave continuous readouts  on r eco rde r s .  These tests were 
an ex tens ion  of t he  benc.h d r i l l i n g  t e s t s  p rev ious ly  repor ted ,  t h e  purpose 
being t o  s tudy  t h e  e f f e c t s  of f lush ing  media on d r i l l  performance and t o  
i n v e s t i g a t e  t h e  f e a s i b i l i t y  of u t i l i z i n g  a s o l i d  l u b r i c a n t  i n  l i e u  of o th-  
e r  f l u s h i n g  media i n  d r y  diamond d r i l l i n g .  
The tes t s  r e s u l t s ,  s t i l l  being analyzed, i n d i c a t e  t h a t  a l i q u i d  f lu sh ing  
media may have a su r face  weakening e f f e c t  on the  d r i l l e d  rock t h a t  i s  ab- 
sent when a i r  f l u s h  i s  used. 
diamond p o i n t  s c r a t c h  tes t s  i n  the  labora tory .  The use  of a s o l i d  l u b r i -  
c a n t  i n  l i e u  of l i q u i d  f lu sh ing  media w a s  found t o  minimize the  d r i l l  
to rque  developed f o r  a given r a t e  of p e n e t r a t i o n  and thereby  t o  conserve 
energy . 
Presence of t h i s  e f f e c t  was confirmed by 
S t a t u s  of Manuscripts 
Lunar D r i l l i n g ,  by James Paone and R. L. Schmidt, i s  being prepared f o r  
p r e s e n t a t i o n  a t  t he  S i x t h  Annual Meeting of t he  Working Group on Ext ra-  
t e r r e s t r i a l  Resources a t  Brooks A i r  Force Base, Texas, i n  February.  
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Task tit  l e  : 
I n v e s t i g a t o r :  
Locat ion:  
Date begun: 
Per s onne 1 : 
E f f e c t  of lunar  environment on behavior of f i n e  p a r t i c l e s  
David E .  Nichol son, P ro jec t  Leader 
Spokane Mining Research Laboratory 
Spokane, Washington 
A p r i l  1966 To be completed: March 1969 
David E .  Nicholson, Mining Engineer 
Howard C.  Pe t t ibone ,  C i v i l  Engineer 
Dennis J .  Kelsh,  Physical  Chemist 
Fred W .  Houghton, Engineering Technician 
Richard P. Curt in ,  Engineering Aid 
PROGRE S S RE PORT 
Ob l ec t ive  
The primary o b j e c t i v e  i s  t o  determine b a s i c  phys ica l  p r o p e r t i e s  which 
may inf luence  t h e  handl ing and t r a n s p o r t a t i o n  of  f i n e  p a r t i c l e s  i n  a lu-  
na r  environment a s  an  ex tens ion  of cu r ren t  s t u d i e s  of f i n e  p a r t i c l e  be- 
hav io r  i n  mine b a c k f i l l  app l i ca t ions .  In t e rg ranu la r  s t a t i c  and dynamic 
c o e f f i c i e n t  of f r i c t i o n  and energy loss  w i l l  be measured. Flow r a t e s  
and shear  s t r e n g t h  a t  var ious  s t a t e s  of p a r t i c l e  packing and a t  va r ious  
s i z e s  w i l l  be determined and co r re l a t ed  wi th  f r i c t i o n  and energy l o s s  
p r o p e r t i e s .  This  work w i l l  i n i t i a l l y  be performed under cond i t ions  of 
normal e a r t h  atmosphere, but  w i l l  be extended t o  perform s e l e c t e d  t e s t s  
i n  u l t r a h i g h  vacuum. The work w i l l  be  c o r r e l a t e d  with the  s tudy  of e l e c -  
t r o s t a t i c  p r o p e r t i e s  of granular  p a r t i c l e s  being conducted a t  College 
Park and t h e  s tudy of f r i c t i o n a l  p rope r t i e s  of mineral  su r f aces  being 
conducted a t  Minneapolis.  
Progress  During the Second Quarter  
The c rush ing  and c l a s s i f i c a t i o n  c i r c u i t  f o r  producing f i n e  p a r t i c l e  mate- 
r i a l s  and simulated lunar  rock powder, located a t  t h e  Aux i l i a ry  Labora- 
t o r y  s i t e ,  was completed dur ing  t h e  qua r t e r .  A f a n  and v e n t i l a t i o n  duc t  
work were i n s t a l l e d  i n  the  c rusher  bu i ld ing .  I n  add i t ion ,  a small cone 
c rushe r  w a s  purchased and added t o  the o r i g i n a l  c i r c u i t  t o  reduce t h e  
crushed product  from the  # 2 - 1 / 2  gyra tory  c rusher  t o  a more s u i t a b l e  s i z e  
feed f o r  t h e  impact m i l l .  The impact m i l l  feed must be 1/8- inch s i z e  t o  
avoid choking t h e  d i s t r i b u t i o n  p l a t e  i n s i d e  the  m i l l .  The c i r c u i t  f low 
a s  p r e s e n t l y  i n s t a l l e d  i s  shown i n  f igu re  1. 
Background l i t e r a t u r e  s t u d i e s  of ma te r i a l s  handl ing science and t h e  su r -  
f ace  chemistry of f i n e  p a r t i c l e s  was cont inued.  
The convers ion  of t h e  "Earth Pressure a t  R e s t "  (KO) t e s t i n g  chamber was 
completed during the  qua r t e r .  Low s t r e s s  gages were seated i n  the  load-  
ing  head and base p l a t e  of the  chamber t o  g ive  t r u e  appl ied and t r a n s -  
mi t t ed  stress d a t a  from 0 t o  150 ps i .  Several  series of shakedown tes ts  
have been run on the  chamber us ing  standard Ottawa sand t o  check out  the  
ins t rumenta t ion  and t h e  Dymec d a t a  c o l l e c t i o n  system. The t h r e e  s t r a i n  
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Traylor  #2-1/2 
Gyratory Crusher 
General Machinery 
10-inch Gryrol 
Crusher 
f $ 
k 1 / 8 - inch  
- 118- inch 
Vortec Impact M i l l  
Various s i z e  powder prod- 
u c t s  depending on speed of 
m i l l  and cha rac t e r  of feed 
m a t e r i a l  . 
Vortec C l a s s i f i e r  
Various s i z e  p a r t i c l e  sep-  
a r a t i o n s  i n  the  sub-sieve 
s i z e  range. 
FIGURE 1. - Crushing and C l a s s i f i c a t i o n  C i r c u i t .  
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gage bridge circuits, which monitor lateral stress, have been modified. 
During shakdown testing it was observed that the amplifier-milliammeter 
output was not compatible with the input to the Dymec data collection 
system. A Sanborn recorder has been substituted for the amplifier- 
milliammeter system, correcting the problem and also giving a better 
resolution of the lateral pressures used to null the lateral stress. 
The linear potentiometer which was to be used for producing a dc cur- 
rent readout of the applied load from the Tinus Olsen testing machine 
was also found to influence the torsion bar deflection on the testing 
machine. On the recommendation of the Tinus Olsen distributors a sin- 
gle turn potentiometer will be substituted and mounted with a special 
antibacklash gear which will give a direct readout from the load dial 
of the testing machines. This unit has not been received from the com- 
pany, but was shipped on December 12, 1967. Installation of the turn 
pot and antibacklash gear will complete the testing equipment. 
It was originally planned to start the materials handling test work in 
the KO testing chamber with a silica flour or standard backfill mate- 
rial. However, recent data from the Surveyor space craft indicate a 
basalt type of lunar surface material of about 50 to 30 microns mean 
size; therefore, a sample of crushed and milled flow basalt has been 
prepared and will be substituted in this test work. The simulated lu- 
nar material is from the flow basalt formation at Madras, Oregon. 
In addition to preparing the KO test chamber for testing the friction 
constants, standard laboratory physical property tests were started to 
determine specific gravity, grain size distribution, and maximum- 
minimum density, as well as direct shear tests to determine angle of 
internal friction at three levels of density. The angle of internal 
friction developed from the direct shear tests will be correlated with 
the friction coefficients from KO testing. 
Samples of the Oregon basalt were also tested for magnetic attraction. 
The samples were found to 
None in progress. 
be highly magnetic. 
Status of Manuscripts 
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Task t i t l e :  Support  f o r  underground lunar  s h e l t e r  
I n v e s t i g a t o r :  Robert C. Bates ,  Pro jec t  Leader 
Location: Spokane Mining Research Laboratory 
Spokane, Washington 
Date begun: A p r i l  1966 To be completed: March 1969 
Per sonne 1 : Robert C .  Bates,  Mining Engineer 
Lester J. Crow, Mining Engineer 
PROGRES S RE PORT 
Objective 
To advance ground support  technology needed t o  c a r r y  on e x t r a t e r r e s t r i a l  
a c t i v i t i e s  i n  support  of f u t u r e  space miss ions ,  as an ex tens ion  of ter-  
res t r ia l  ground suppor t  research .  Inves t iga t e  ground support  m a t e r i a l s  
which have good p o t e n t i a l  f o r  u t i l i z a t i o n  both on the  Moon and on Ear th .  
One of the  materials se l ec t ed  for  t h i s  i n v e s t i g a t i o n  i s  s u l f u r .  Su l fu r  
materials may provide an economical and e f f e c t i v e  s o l u t i o n  t o  many te r -  
res t r ia l  c o n s t r u c t i o n  and ground support  problems. Su l fu r  has a high 
p r o b a b i l i t y  of be ing  indigenous t o  the lunar  su r face  and thus  s u l f u r  ma-  
t e r i a l s  might s e rve  i n  an equiva len t  c a p a c i t y  f o r  lunar  s h e l t e r  cons t ruc-  
t i o n .  The immediate ob jec t ives  a r e  to: (1) compile a l l  a v a i l a b l e  d a t a  
on the  p r o p e r t i e s  and p o t e n t i a l  u ses  of s u l f u r  as a support  medium; (2)  
conduct l abora to ry  s t u d i e s  t o  improve c e r t a i n  p r o p e r t i e s  and t o  determine 
t h e  f e a s i b i l i t y  of c e r t a i n  uses  of s u l f u r  materials;  (3) formulate  des ign  
concepts  f o r  support  systems u t i l i z i n g  these  m a t e r i a l s ;  and ( 4 )  develop 
techniques  and equipment f o r  f a b r i c a t i o n  o r  i n s t a l l a t i o n  of these  support  
systems i n  a simulated lunar  environment. 
Progress  During the Second Quarter  
The major p a r t  of t h e  equipment needed t o  conduct l abora to ry  s t u d i e s  was 
assembled a t  t h e  main labora tory  i n  Spokane. The equipment was t e s t e d  
t o  determine i t s  s u i t a b i l i t y ,  and the w o r k a b i l i t y  of some s u l f u r  aggre- 
g a t e  mixtures  w a s  i nves t iga t ed .  It was found t h a t  ou t  i n  the  wind and 
co ld ,  where these  tes ts  were being performed, it was q u i t e  d i f f i c u l t  t o  
c o n t r o l  t h e  temperature  of the  m i x .  When t h e  mix was poured i n t o  small 
s tee l  t e s t  molds it s o l i d i f i e d  too rap id ly .  Fu r the r ,  t he  odor from the  
experiment was undes i r ab le  i n  t h i s  loca t ion .  
I n  view of t hese  problems, a new tes t  a r e a  has  been e s t a b l i s h e d  a t  t h e  
Aux i l i a ry  Laboratory (former m i s s i l e  s i t e ) ,  where experimentat ion can 
be cont inued under more con t ro l l ed  condi t ions .  Complete f a c i l i t i e s  a r e  
being se t  up t o  grade,  mix and pour the s u l f u r  aggregate .  A 200,000- 
pound compression t e s t i n g  machine has been set  up i n  an ad jacen t  a r e a  
so t h a t  p rope r ty  t e s t s  can be made a t  t h e  Aux i l i a ry  Laboratory.  
Some of  t h e  p o t e n t i a l  obs t ac l e s  t o  the use  of s u l f u r  i n  an  e x t r a t e r r e s -  
t r i a l  environment have been evaluated.  P o t e n t i a l  problems imposed by 
t h e  l u n a r  environment appear solvable  by proper des ign  of the placement 
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system and proper formulation of the mix. However, a detailed evalua- 
tion has not been made. A Ph. D. physicist and a Ph. D. physical chem- 
ist, part-time faculty employees, have been assigned the task of exam- 
ining these potential problems and preparing an evaluation report. 
Status of Manuscripts 
Support for Underground Lunar Shelter Using Sulfur, an internal back- 
ground report by Lester J. Crow, was completed in October. 
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Task t i t l e :  Use of explos ives  on  the  Moon 
I n v e s t i g a t o r :  Frank C. Gibson ,  P ro jec t  Coordfnator,  Explosives  Physics  
Locat ion:  Explosives Research Center 
Date begun: J u l y  1966 To be completed: June 1969 
P i t t sbu rgh ,  Pennsylvania 
Personnel :  Frank C. Gibson, Supervisory Research P h y s i c i s t  
Richard W. Watson, Research P h y s i c i s t  
J .  Edmund Hay, Research P h y s i c i s t  
Charles  R. Summers, Research P h y s i c i s t  
Will iam F. Donaldson, Research P h y s i c i s t  
Elva M. Guas t in i ,  Explosives Equipment Operator 
PROGRESS REPORT 
Ob i ec t ive  
To develop a body of knowledge re levant  t o  t h e  use of chemical h igh  ex- 
p l o s i v e s  under luna r  environment. Immediate goals  are t o  determine t h e  
hazards  a s soc ia t ed  wi th  t h e  s to rage ,  handl ing,  and u s e  of explos ives  i n  
an environment cha rac t e r i zed  by h igh  vacuum, extreme temperature  cyc l ing ,  
and a f l u x  of small hyperve loc i ty  p a r t i c l e s ,  and t o  e s t a b l i s h  techniques 
f o r  minimizing t h e s e  hazards .  
Progress  During t h e  Second Q u a r t e r  
During t h e  q u a r t e r ,  de te rmina t ion  of  t he  s e n s i t i v i t y  of explos ive  charges 
t o  i n i t i a t i o n  by h igh-ve loc i ty  sphe r i ca l  p r o j e c t i l e s  w a s  begun; t h e  veloc- 
i t y  f o r  50 percent  i n i t i a t i o n  has ,  thus f a r ,  been e s t ab l i shed  f o r  1/2- inch,  
25/64-inch, 114-inch and 118-inch diameter s t e e l  b a l l s .  
The explos ive  used w a s  Composition A-5 (RDX wi th  1 percent  s t ea r i c  ac id)  
pressed  as p e l l e t s  t o  a d e n s i t y  of 1.72 glen? and 1-518-inch d iameter  by 
1/2- inch th i ck .  
of 1 inch.  The a n t i c i p a t e d  po in t  of impact of t h e  p r o j e c t i l e  w a s  on t h e  
a x i s  of t h e  c y l i n d r i c a l  charge; a 4-inch by 4-inch by 114-inch t h i c k  s tee l  
p l a t e  was placed 114 inch behind t h e  charge t o  a c t  as a w i t n e s s .  I n  o rde r  
t o  minimize ambigui t ies  i n  i n t e r p r e t a t i o n  of a "go" o r  I'no-go," a w e l l -  
de f ined  1-518-inch ho le  i n  t h e  s t e e l  p l a t e  was considered t o  r e s u l t  from 
complete r eac t ion .  The Bruceton up-and-down method was employed t o  d e t e r -  
mine t h e  v e l o c i t y  capable  of producing a 50 percent  p r o b a b i l i t y  of i n i t i a -  
t i o n .  
of p r o p e l l a n t  i n  t h e  gun o r  launcher .  
Two such pe l le t s  were s tacked  t o  provide a charge  l eng th  
The v e l o c i t y  of t h e  s t e e l  b a l l  was var ied  by changing t h e  q u a n t i t y  
The p r o j e c t i l e  launcher i s  a modified 50-ca l ibre  an t i - t ank  gun having a 
smooth 1/2-inch bore t o  e l imina te  spinning. A t e f l o n  sabot  w a s  used t o  
launch a l l  b a l l s  having diameters  l e s s  than  112  inch. The sabo t  was a 
c y l i n d e r ,  1/2- inch i n  diameter  and approximately 19132-inch long,  cupped 
i n  f r o n t  t o  r ece ive  t h e  b a l l  and scored i n  q u a r t e r  segments t o  i n s u r e  
breakup by aerodynamic drag.  The cup was s l i g h t l y  smal le r  than  t h e  b a l l  
t o  be used and w a s  d r i l l e d  a x i a l l y  t o  w i t h i n  118 inch of t h e  r e a r  of t h e  
sabot .  
2 1  
The ball velocity was measured 70 cm in front of the explosive charge 
by timing the interruption of two parallel focused light beams spaced 
4 inches apart: 
voltage pulse from the light detector (a photovoltaic solid-state di- 
ode) was fed to the signal channel of an oscilloscope with a calibrated 
time base, triggered by the interruption of a third beam ahead of the 
others. 
As each beam was interrupted by the projectile, a 
Diameter 
(inches) 
The data thus far have provided tentative trends between the mass and 
the velocity that provide a 50 percent probability detonation of the 
explosive. The data are given in table 1 and figure 1 which also il- 
0.33 2 0.24 2 v m  V 50 
Mass V 
(g rams) (mlsec) m 
TABLE l. - Mass-velocity relationships for 50 
percent probability of initiation 
of pressed Composition A-5 charges 
112  
25 I64 
114 
1/8 
8.33 918 170 143 
3.95 1030 16 8 149 
1.04 1215 150 148 
0.13 1447 106 126 
lustrate attempts to find a scaling relationship of the form 
B (mass)' x (velocity) = constant. 
For the three largest projectiles, the quantity m0*33v2 (which has the 
significance of energylunit area) is approximately constant, but when 
the data for the 1/8-inch diameter projectiles are included, the data 
are better fit by the relationship 
0.24 2 m v = k .  
These data are being used to establish a basis for the design of true 
hypervelocity projectors for which the selection of projectile mass 
and velocity is not so trivial a matter as with a conventional gun, 
and which thus cannot be used on a trial-and-error basis. The data 
obtained at hypervelocities will be extrapolated to predict the prob- 
ability of initiation by micrometeorites. 
Plans are in progress for the readaptation of the 12-foot spherical 
firing chamber to high vacuum work to continue the work of Ahrens and 
others in the propagation of blast clouds in a vacuum. The chamber 
will be sandblasted and coated with a low vapor pressure resin to pro- 
tect the metal from attack by explosive products. Efforts are being 
made to procure a pump of suitable ultimate vacuum and pumping rate. 
22 
+ 
w \ o  
0 0  0 
m hl 4 .  
23 
None in progress. 
Status of Manuscripts 
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Task tit le: 
Investigator: 
Location: 
Date begun: 
Per sonne 1 : 
Volcanism and ore genesis as related to lunar mining 
Rolland L. Blake, Project Coordinator 
Twin Cities Metallurgy Research Center 
Minneapolis, Minnesota 
June 1966 To be completed: May 1967 
Rolland L. Blake, Geologist 
Others as assigned 
PROGRESS REPORT 
Objective 
Study the genesis of ore deposits and the occurrence of minerals associ- 
ated with volcanic activity here on Earth. Study the effects of the lu- 
nar environment and other environments on mineralization and ore genesis. 
Bring together the pertinent information found in the literature on these 
subjects and define those specific areas where additional work is needed. 
Propress During the Second Quarter 
Work on this task ended in fiscal year 1967, except for the completion 
of a summary report and recommendations for further studies which is 
still in progress. 
Status of Manuscripts 
Ore Deposits in Volcanic Rocks with Lunar Extrapolation, by R. L. Blake, 
is being prepared for presentation at the Sixth Annual Meeting of the 
Working Group on Extraterrestrial Resources at Brooks Air Force Base, 
Texas in February. 
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Task t i t l e :  
I n v e s t i g a t o r :  
Location: 
Date begun : 
Per sonne 1 : 
Determine the 
Reduction of s i l i c a t e s  wi th  carbon 
Sanaa E .  Kha la fa l l a ,  P ro jec t  Coordinator 
Twin C i t i e s  Metallurgy Research Center 
Minneapolis, Minnesota 
June 1966 To be completed: May 1969 
Sanaa E .  Kha la fa l l a ,  Supervisory Research Chemist 
Lar ry  A. Haas, Research Chemist 
Howard W. Ki lau ,  Chemist 
Thomas H. McCormick, Physical  Science Aid  
PROGRESS REPORT 
Ob i ec t ive  
optimum r e a c t i o n  r a t e  c r i t e r i a  f o r  e x t r a c t i o n  of oxygen 
from simulated lunar  m a t e r i a l s  i n  a vacuum. The major emphasis of t h i s  
r e sea rch  i s  t o  determine the  k i n e t i c s  and mechanism of the  carbothermal 
r educ t ion  of s i l i c e o u s  ma te r i a l s  i n  a high temperature vacuum furnace.  
Progress  During the Second Quarter 
The goa l  i n  the  c u r r e n t  qua r t e r  was t o  develop a method whereby f i n e l y  
d iv ided  g r a p h i t e  and s i l i c a  powders could be agglomerated i n t o  a s t rong ,  
porous b r ique t  and t o  s tudy t h e  reduct ion  of t he  r e s u l t i n g  b r ique t s .  
Attempts were made t o  agglomerate s i l i c a  and g raph i t e  powders i n t o  a 
b r i q u e t  i n  order  t o  s tudy the  e f f e c t  of t h e  r a t i o  of exposed su r face  t o  
t h e  t o t a l  volume of the  b r ique t .  The r e s u l t s  l a s t  qua r t e r  ind ica ted  t h a t  
t h e  r e a c t i o n  r a t e  was very dependent on the  bed po ros i ty  or  t he  r e a c t a n t s  
p a r t i c l e  s i z e .  The f i r s t  b r ique t s  were made without a binder  by compres- 
s i n g  t h e  powdered mixture i n  a 3/4-inch diameter d i e  a t  50 tons  per  square 
inch. However, these  b r i q u e t s  were very  f r a g i l e  and were so dense t h a t  
very l i t t l e  r e a c t i o n  occurred i n  the vacuum furnace a t  1,400OC. The r e -  
a c t a n t s  were then agglomerated without pressure ,  us ing  dext rose  a s  a bind- 
e r .  Dextrose,  when heated t o  high temperatures,  decomposes t o  carbon and 
water .  Since water i s  r e a d i l y  dr iven of f  a s  a gas ,  t he  add i t ion  of dex- 
t r o s e  a s  a binder  and a s  a v o l a t i l e  f i l l e r  a l s o  adds a d d i t i o n a l  amounts of 
carbon t o  the  system. 
The thermal p r o p e r t i e s  of reagent  grade dext rose  were f i r s t  determined. 
A t  about 15OoC, a foaming syrupy mass was obtained which on f u r t h e r  hea t -  
ing  became a porous,  voluminous charred s i n t e r .  
due t o  t h e  escaping water from the  dextrose dehydrat ion r eac t ion .  
r e a c t i o n  was q u i t e  slow even a t  500OC. 
t a ined  i n  l e s s  than 4 hours. Theore t ica l ly ,  the  weight l o s s  should be 
40 percent  i f  a l l  the  dext rose  i s  decomposed t o  carbon. However, about 
h a l f  of t he  dext rose  vaporized out  of t he  r e a c t o r  so only ha l f  of t he  
t h e o r e t i c a l l y  a v a i l a b l e  carbon was r e t a ined  i n  the  charge.  
The foaming a c t i o n  i s  
This  
A t  6OOOC cons tan t  weight was ob- 
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The f i r s t  batch of b r i q u e t s  were made by dry-mixing 80/120-mesh s i l i c a  
wi th  33 percent  dext rose  by weight.  
powdered mixture  and the  pas t e  was pressed i n t o  c y l i n d r i c a l  ho le s  i n  a 
t e f l o n  mold. The m a t e r i a l  i n  t he  mold was then a i r - d r i e d  t o  cons t an t  
weight i n  20 hours a t  90°C. The b r i q u e t s  were then t r a n s f e r r e d  from t h e  
mold t o  a Pyrex boa t  and heated i n  a CO atmosphere a t  a r a t e  of 25OC per  
hour up t o  3OO0C and soaked f o r  16 hours. The temperature  was then  rap-  
i d l y  increased  t o  6OO0C, and held for  6 hours and then  cooled. Af t e r  
t h i s  t rea tment ,  t he  33 percent  dextrose b r i q u e t s  were found t o  be deformed, 
f r a g i l e ,  and very  porous. A new batch of b r i q u e t s  were then made by de- 
c r e a s i n g  t h e  percent  dext rose  t o  20 percent  and adding g r a p h i t e  t o  main- 
t a i n  t h e  equimolar S i O , / C  r a t i o .  These  b r i q u e t s  were s t rong  a f t e r  a i r -  
d ry ing  a t  90°C o r  a f t e r  f i r i n g  a t  6OOOC f o r  4 hours i n  a CO atmosphere. 
The r e s u l t s  of these  measurements a re  g iven  i n  t a b l e  1 where the  compres- 
s i v e  s t r e n g t h  i s  def ined a s  t h e  amount of f o r c e  needed t o  c rush  a b r i q u e t ,  
1 /2- inch  i n  both diameter and length,  when the  f o r c e  i s  appl ied p a r a l l e l  
t o  t h e  a x i s  of t he  cy l inde r .  When the 20 percent  dext rose  b r i q u e t s  were 
placed i n  the  vacuum furnace ,  they a l s o  d i s i n t e g r a t e d  due t o  explos ions  
caused by carbon monoxide formation. 
Five percent  water was added t o  t h e  
TABLE 1. - Compressive s t r eng ths  of dext rose  b r i q u e t s  
Weight of r eac t an t s . . . pe rcen t .  
Dex t rose . . . . . . . . . . . . . . . . .  
S i l i c a . . . . . . . . . . . . .  ...... 
Graphi te  ................. 
Calcula ted  molar r a t io .S i02  /C.  
S i n t e r i n g  temperature .... O C . . .  
Compressive s t r e n g t h  ..... l b s . .  
Weight- loss  . . . . . . . p  e r cen t /h r . .  
33 
67 
0 
1 
600 
N i l  
15.2 
T e  E 
2 
20.0 
73.4 
6.6 
1 
600 
6 
12.8 
number 
3 
20.0 
73.4 
6.6 
1 
1500 
50 
12.8 
4 
5.1 
80.7 
14.2 
1 
1500 
14 
'18.6 
5 
6.0 
94.0 
0 
8 
1500 
48 
7 . 2  
Sample blowout was not iced  a t  end of t e s t .  
Attempts were then  made t o  make a s t ronger  b r i q u e t  by s i n t e r i n g  a t  1,500°C 
f o r  2 hours a t  1 atmosphere carbon monoxide pressure .  A t  t h e s e  expe r i -  
mental  cond i t ions ,  no carbon monoxide would be generated and t h e  tempera- 
t u r e  would be h igh  enough f o r  t h e  s i l i c a  p a r t i c l e s  t o  f u s e  toge the r  and 
make a s t ronge r  b r ique t .  
s t r e n g t h  was increased more than  e igh t fo ld  bu t  t hese  b r i q u e t s  s t i l l  broke 
up i n  the  vacuum furnace.  Other inves t iga tors1  have shown t h a t  t h e  phys- 
i c a l  i n t e g r i t y  of r e f r a c t o r y  oxide b r i q u e t s  decreases  as the  pe rcen t  re- 
duc t ion  inc reases .  To reduce the  r e a c t i o n  ra te ,  a t h i r d  ba tch  of t h e  b r i -  
que t s  were made with only 5.1 percent  dext rose  and 14.2 percent  g r a p h i t e ,  
and a g a i n  the  b r i q u e t s  brohe up i n  vacuum. 
It can be seen  i n  t a b l e  1 t h a t  t h e  compressive 
Crowley, M. S. Hydrogen-Silica React ions i n  Ref rac to r i e s .  Amer. 
Ceram. SOC. Bull . ,  V. 46, No. 7 ,  1967, p. 680. 
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The next  approach was t o  e l imina te  graphi te  a s  t h i s  m a t e r i a l  has  a l o w  
c o e f f i c i e n t  of f r i c t i o n .  Removing g raph i t e  would a l s o  increase  t h e  num- 
be r  of s i l i c a - s i l i c a  contac ts .  A 6 percent  dext rose  - 94 percent  s i l i c a  
ba tch  of b r i q u e t s  were made and a f t e r  f i r i n g  a t  1,5OO0C i n  a carbon mon- 
oxide atmosphere, s t rong ,  grey br ique ts  were obtained.  These b r i q u e t s  
were ab le  t o  withstand the  vacuum treatment.  The foregoing t r i a l s  i n d i -  
c a t e  t h a t  a b r i q u e t  can be made which w i l l  maintain i t s  phys ica l  i n t eg -  
r i t y  when exposed t o  vacuum a t  1,4OO0C provided t h a t :  (1) very  l i t t l e  
r educ tan t  i n  the  form of dextrose i s  used, and (2) t he  b r i q u e t  i s  pre-  
heated i n  carbon monoxide a t  1,500OC. 
Tes t  
No. 
Since thermal ly  decomposed dextrose undoubtedly forms a d i f f e r e n t  t y p e  
of r educ tan t  a t  1,4OO0C than graphi te ,  a s e r i e s  of vacuum reduct ion  
t e s t s  were c a r r i e d  out  with var ious  propor t ions  of both reductan ts .  
The experimental  r e s u l t s  a r e  shown i n  t a b l e  2. 
Ob served 
Charge Discharge weight- 
Analysis ,  percent  Weight, Analysis,  percent  Weight, loss, 
Carbon I S i l i c a  grams Carbon I percent  
TABLE 2. - Data f o r  carbothermal r educ t ion  of s i l i c a  
wi th  carbonized dext rose  o r  graphi te’  
7 
8 
9 
10 
11 
1.70 95.9 12.551 .23 97.5 
2.76 94.5 11.928 .83 96.6 
2.76 94.5 13.341 .80 97.2 
4.66 93.8 10.019 3.06 95.9 
5.72 92.2 12.657 3.82 93.6 
Carbonized dextrose r educ tan t  
6 11 1.08 1 96.7 I 13.940 11 cO.01 1 98.0 
12 
13 
14 
15 
16 
17 
18 
19 
20 
1.4 98 12.295 
3.8 96 11.734 
4.8 95 12.596 
7.0 93 12.897 
9.1 90 13.142 
16.7 83 14.373 
16.7 83 14.379 
28.6 81 16.765 
28.6 81 16.792 - 
11.509 
9.177 
11.129 
11.905 
12.134 
13.318 
13.457 
15.964 
15.988 
e reducta  
0.15 
.26 
1.92 
4.43 
6.57 
14.6 
14.8 
27.5 
27.5 
e perforn 
2.9 
4.4 
2.3 
1.5 
1.5 
1.4 
1.3 
0.96 
.90 
96.7 
97.6 
99.3 
97.4 
95.3 
87.3 
85.7 
72.5 
72.5 
I a t  1,4( 
<0.01 t o r r .  
and e i t h e r  minus 100- p lus  200-mesh low d e n s i t y  g raph i t e  o r  thermally 
decomposed dext rose .  
The charge cons is ted-of  minus 80- p lus  120-mesh s i l i c a  
It can be seen from these  r e s u l t s  t h a t  carbonized dext rose  i s  a b e t t e r  
r educ tan t  than graphi te .  This i s  undoubtedly a t t r i b u t e d  t o  the i n t i -  
mate con tac t  of t h e  carbonized dextrose t o  the  s i l i c a ;  s ince  dext rose  
when hea ted  w i l l  l i q u i f y  and coa t  the s i l i c a  p a r t i c l e s .  This  i s  i n  
agreement with the  r e s u l t s  of Vertman2 who repor ted  t h a t  var ious  forms 
’ Vertman, A. A., and A .  M. Samorin. (Kine t ics  and Mechanisms of Re- 
duc t ion  of Chromium Oxide by Carbon i n  Vacuum). Primenenie Vakuuma 
V Meta l lu rg ia ,  Moscow, 1958, pp. 132-146. 
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of carbon have d i f f e r e n t  reducing a c t i v i t i e s .  He  showed t h a t  soot  re- 
duced chromium oxide almost twice as f a s t  a s  g raph i t e .  
s t a t e d  that charcoa l  has  a h igher  a c t i v i t y  than  g raph i t e ,  probably due 
t o  adsorbed hydrogen. The p l o t  of the  observed weight loss expressed 
a s  t h e  percent  oxygen removed p e r  hour from s i l i c a  a g a i n s t  t he  i n i t i a l  
percent  s o l i d  reductan t  i n  t h e  charge i s  shown i n  f i g u r e  1. When re- 
duc t ion  was c a r r i e d  out  with carbonized dext rose ,  curve g was obtained,  
while  curve r ep resen t s  t he  reduct ion da ta  wi th  low dens i ty  graphi te .  
It i s  i n t e r e s t i n g  t o  note  t h a t  a maximum r e a c t i o n  r a t e  can be achieved 
wi th  percents  of g raph i t e  ranging from 3.5 t o  4 ,  whereas maximization of 
t he  r a t e  wi th  carbonized dext rose ,  although probably poss ib le ,  was no t  
achieved by the  present  set  of da t a ,  P e l l e t s  wi th  dext rose  percents  
h igher  than about 19 percent  (corresponding t o  6 percent  charred carbon) 
were d i f f i c u l t  t o  prepare.  
Sal tsbury3 a l s o  
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FIGURE 1. - Varia t ion  of Observed Weight Loss per Hour 
wi th  Percent  Carbon i n  the  Charge 
a - Carbonized Dextrose 
b - Low Density Graphite 
Sa l t sbu ry ,  H., and o the r s .  Fundamentals of Gas-Surface I n t e r a c t i o n s .  
Academic Press ,  N. Y., 1967, p. 340. 
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Status of Manuscripts 
The Effect of Physical Parameters on the Reaction of Graphite with 
Silica in Vacuum, by L. A. Haas and S. E. Khalafalla, is under prep- 
aration as a Bureau Report of Investigations. 
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Task t i t l e :  Magnetic and e l e c t r o s t a t i c  p r o p e r t i e s  of minera ls  i n  
I n v e s t i g a t o r :  Fos t e r  F raas ,  P r o j e c t  Leader 
Locat ion:  College Park Metallurgy Research Center 
Date begun : June 1966 To be completed: May 1969 
a vacuum 
College Park,  Maryland 
Personnel:  Ray A .  Heindl ,  Supervisory Chemical Research Engineer 
Fos t e r  F raas ,  Me ta l lu rg i s t  
PROGRE S S RE PORT 
Ob i ec t ive  
Study adso rp t ion  and con tac t  e l e c t r i f i c a t i o n  i n  a vacuum and determine 
t h e i r  e f f e c t  on t h e  s e p a r a b i l i t y  of nonconducting minera ls .  
Progress  During t h e  Second Quarter  
The o b j e c t i v e s  f o r  the  second quar te r  w e r e  t o  c o n s t r u c t  a p a r t i c l e  re- 
c i r c u l a t i n g  system, and t o  measure p a r t i c l e  flow c h a r a c t e r i s t i c s  when 
the  feed p a r t i c l e s  a r e  p e r i o d i c a l l y  r e c i r c u l a t e d  i n  an u l t r a h i g h  vac- 
uum. 
I n v e s t i g a t i o n  of the  flow c h a r a c t e r i s t i c s  of p a r t i c l e s  was continued 
from t h e  f i r s t  q u a r t e r ,  al though a pressure lower than  lo-? t o r r  could 
not  be reached.  
A sys temat ic  i n v e s t i g a t i o n  of f a c t o r s  which prevent  a t ta inment  of an  
u l t r a h i g h  vacuum included c l ean ing  of t h e  O-ring grooves of t he  s t a i n -  
less s teel  b e l l  j a r .  The inner  groove was found t o  be poor ly  machined 
r e s u l t i n g  i n  the  t e a r i n g  of t h e  O-ring on removal. 
t h a t  t h e  s i l v e r  so lde r ing  of some items r e s u l t e d  i n  the p e n e t r a t i o n  of 
t h e  so lde r ing  f l u x  t o  the vacuum side of the  equipment, p a r t i c u l a r l y  
wi th  t h e  v i b r a t i o n  feed-through.  
It w a s  a l s o  found 
A s  a r e s u l t  of some d e f e c t s ,  the  p a r t i c l e  r e c i r c u l a t i n g  system was re- 
designed.  Repairs  were a l s o  made  on t h e  bear ing  r e f r i g e r a t i o n  u n i t  
p e r m i t t i n g  bake-out of pump and b e l l  j a r .  
S t a t u s  of Manuscripts 
None i n  progress .  
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Task title : 
Investigator: 
Location : 
Date begun : 
Personnel : 
E s tab 1 ish the 
Biological production of sulfuric acid 
Joseph A. Sutton, Project Leader 
College Park Metallurgy Research Center 
College Park, Maryland 
June 1966 To be completed: May 1967 
Ray A .  Heindl, Supervisory Chemical Research Engineer 
Joseph A .  Sutton, Research Chemist 
John D. Corrick, Research Chemist 
Jerry M. Carosella, Microbiologist 
PROGRES S RE PORT 
Objective 
limiting environmental conditions for the survival of bac- 
teria of the genus Thiobacillus. Determine the rate of sulfuric acid 
production within these limits. Conduct a literature survey and visit 
such laboratories as may be necessary to establish the state-of-the-art 
in the use of bacteria in any stage of a life support system in an ex- 
traterrestrial environment. 
Progress During the Second Quarter 
Work on this task ended in fiscal year 1967 and results were reported 
in the annual status report. Preparation of a more detailed summary 
report and recommendations for further bacteriological studies is under 
cons id era t ion. 
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Task title: 
Investigator: 
Location: 
Date begun: 
Per sonne 1 : 
Electrowinning of oxygen from silicate rocks 
Donald G. Kesterke, Project Leader 
Reno Metallurgy Research Center 
Reno, Nevada 
June 1966 To be completed: May 1969 
Thomas A. Henrie, Supervisory Metallurgist 
Donald G. Kesterke, Metallurgist 
Freddy B. Holloway, Physical Science Technician 
John D. Lafontan, Physical Science Aid 
PROGRESS REPORT 
Ob .j ec t ive 
To determine the feasibility of obtaining elemental oxygen from silicate 
minerals by electrolytic. methods, for use by the Earth inhabitants of 
the Moon. Emphasis will be directed toward the determination of essen- 
tial physical and electrochemical properties of silicate and silicate- 
base melts containing various amounts of halide salts. Complementary in- 
vestigations will be made to find suitable nonreactive crucible and anode 
materials for use in silicate melts, or in melts containing halides. 
Progress During the Second Quarter 
Objectives for the quarter were to continue investigations on the effect 
of increased cell temperature on the conductivity of silicate-plus-LiF 
mixtures and to study various physical characteristics of synthesized 
silicate minerals. 
Significantly better electrical conductivity was achieved in various 
silicate-plus-LiF melts at temperatures of 1,400' to 1,550'C than was 
attained in previous experiments conducted at 1,200' to 1,300'C. Gran- 
odiorite, pumice, serpentinite, and basalt, each containing 10 weight- 
percent LiF, were 1.5 to 2 times more conductive at 1,400'C than at 
1,3OO0C, while at 1,550'C the same melts were about three times more 
conductive than at 1,300OC. 
Silicate minerals, including wollastonite, anorthite, and diopside were 
synthesized by fusion of their constituent oxides at temperatures in ex- 
cess of 1,550'C. Relative electrical conductivities of the minerals were 
determined, and the effect on the conductivity of a 10 weight-percent LiF 
addition was studied. With no flux added, anorthite was too viscous at 
1,550'C to determine an amperage-voltage ratio; however, under similar 
conditions, diopside had a 2 : l  amp-to-volt ratio, and wollastonite had a 
1:l ratio. Adding LiF to each mineral markedly increased the electrical 
conductivity, and at 1,500°C both diopside and wollastonite showed an 
amp-to-volt ratio of about 4:1, while the amp-to-volt ratio in the anor- 
thite-plus-LiF melt was about 2.5:l. 
Status of Manuscripts 
None in progress. 
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Task title: Stability of hydrous silicates and oxides in lunar 
Investigator: Hal J. Kelly, Project Coordinator 
Location: Albany Metallurgy Research Center 
Date begun: April 1966 To be completed: March 1968 
environment 
Albany, Oregon 
Personnel: Hal J. Kelly, Supervisory Ceramic Research Engineer 
Raymond L. Carpenter, Research Physicist 
PROGRESS REPORT 
Objective 
The long-range objective is the determination of the energy requirements 
for dissociating silicate and oxide minerals to recover oxygen and/or 
water. The immediate objective is to investigate the stability under 
high vacuum and elevated temperature of some silicate and oxide minerals 
employing differential thermal analysis (DTA) and thermogravimetric an- 
alysis (TGA). 
Progress During the Second Quarter 
The objectives for this quarter were to obtain samples of the minerals 
selected for study to prepare purified samples and to continue prelimi- 
nary DTA and TGA. 
Mineral samples of the zeolite, epidote and amphibole groups listed in 
the first quarterly report have been obtained and concentrates of the 
pure minerals are being prepared. Samples of the bauxite group, brucite 
and goethite were not purchased because preliminary tests with minerals 
on hand showed that they blew out of the crucible during vacuum DTA. 
Concentrates of analcite, tremolite, and zoisite have been prepared and 
a differential thermal analysis has been made on analcite. There appears 
to be a low-temperature endothermic peak at 380"C, but the base line is 
poor in this temperature range and reactions are hard to detect. There 
is an exothermic peak at 84OOC. 
troller so that a more uniform heating rate can be obtained at lower 
temperatures and DTA will be made on more of the new mineral samples. 
Efforts will be made to adjust the con- 
Epidote was studied most intensively during the second quarter. Weight 
loss (TGA) in air and vacuum DTA were made. From room temperature to 
700°C the weight loss was 0.74 percent. No more weight was lost until 
85OOC. From 850°C to 1,050°C the sample lost an additional 1.75 percent. 
The total weight loss  was 2.49 percent. 
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The formula f o r  ep ido te  i s  C%(Al,Fe)3(Si04)3.0H. The r a t i o  of A 1  t o  Fe 
i s  about 3 t o  1. Therefore ,  t he  average weight of t h e s e  ions  i s  about 
34 and the  molecular weight approximately 475. The l o s s  of one hydroxyl 
r a d i c a l  would r e s u l t  i n  a weight l o s s  of 3.79 pe rcen t .  It appears  t h a t  
1 , O 5 O 0 C  i s  not  a high enough temperature t o  remove a l l  of t he  hydroxyl 
r a d i c a l s  when ep ido te  i s  heated in  a i r .  The weight  loss up t o  7OOOC i s  
no t  understood. X-ray a n a l y s i s  o f  unheated samples and samples heated 
t o  75OOC showed only minor d i f f e rences  i n  X-ray p a t t e r n s .  
DTA made on th ree  samples of ep ido te  showed an endothermic peak a t  8 1 O o C ,  
a second endothermic peak a t  915OC, and the s t a r t  of a t h i r d  a t  about 
990° c. 
The t i m e  i n  f l i g h t  mass spectrometer was used t o  analyze the e f f l u e n t  
gases  dur ing  vacuum decomposition and CO, was de t ec t ed .  This  i nd ica t ed  
t h a t  a carbonate ,  poss ib l e  CaC03, could be p re sen t .  
f r a c t i o n  and o p t i c a l  examination f a i l e d  t o  show t h e  presence of an i m -  
p u r i t y .  The sample was leached i n  a c e t i c  a c i d ,  washed, and d r i e d .  A 
DTA run  on the leached mineral  showed one l a r g e  endothermic peak a t  
l , O O O ° C .  Future  work w i l l  be done on the  mineral  without  t h e  carbonate  
impur it y . 
However, X-ray d i f -  
The sample  of a c t i n o l i t e  which was used a l s o  has  a s m a l l  amount of car- 
bonate i n  i t .  Therefore ,  i t  a l s o  was leached i n  a c e t i c  a c i d ,  washed, 
and d r i e d .  TGA and DTA w i l l  be run  on the  leached m a t e r i a l  and compared 
w i t h  t h e  r e s u l t s  of previous analyses .  
One of t he  major problems wi th  vacuum DTA i s  t h a t  of holding t h e  sample 
i n  t h e  c r u c i b l e  during the  r e a c t i o n  i n  which gas  o r  water vapor i s  given 
o f f .  To see  i f  a cover on the  c ruc ib l e  would he lp  i n  hold ing  the  sample 
i n ,  d i s k s  1 /8- inch  t h i c k  and s l i g h t l y  smaller i n  diameter than  t h e  i n s i d e  
diameter  of the  c r u c i b l e  were made. Three .040-inch diameter ho le s  were 
d r i l l e d  i n  the  caps t o  a l low the gases t o  escape.  T r i a l  runs  were made 
on c a l c i t e  and k a o l i n i t e .  Most of  the c a l c i t e  blew out  of t h e  c r u c i b l e  
and a s a t i s f a c t o r y  thermograph w a s  not ob ta ined .  K a o l i n i t e ,  which i s  
less  a c t i v e  than c a l c i t e ,  gave a s a t i s f a c t o r y  thermograph, bu t  a small  
amount of t h e  sample blew out .  There appears t o  be no advantage i n  the  
use  of covered c r u c i b l e s .  
During t h e  qua r t e r  the  X-Y recorder  was recondi t ioned ,  new thermocouple 
i n s u l a t o r s  were i n s t a l l e d  i n  the  DTA furnace,  and a new longer  tantalum 
h e a t  s h i e l d  was i n s t a l l e d .  
S t a t u s  of Manuscripts 
None i n  progress .  
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